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Ocular lens fabrication metHod and ocular lens fabrication apparatus 



(54) 

(57) Described is a lens material (66) which is 
caused to overlap upon a curved surface of a support 
body (90) mrough an adhesive with the lens material 
(66) being supported by a rotary spindle (18) of a first 
machining device (14). Then, such lens material (66) is 
bonded to the support body (90) by aligning the lens 
material (66) with the support body (90) while rotating 
the lens material (66) and the support body (90) relative 
to each other by rotating the rotary spindle (18) with the 
support body (90) being allowed to move in directions 
orthogonal to a rotary shaft of the rotary spindle (18). 
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Description 

The invention relates to a method and apparatus tor 
fabricating various types of ociiar lenses such as soft 
contact lenses, hard contact lenses, and Intraocular 

implants. 

Ocular lenses are generally fabricated by sequen- 
tially cutting the surface of a blocked lens material on a 
single surface basis using a cutting tool, a grinding tool 
or the like by rotating the lens material attached to & 
rotary spindle of a machining device about a single axis 
When the other surface of the lens is to k>e cut after one 
lens surface has been cut in such ocular lens fabrication 
process, a predetermined support body having a curved 
surface corresponding to the machined tens surface is 
employed to not only protect the machined lens surface 
but also to allow the thin lens material to be supported 
by the rotary spindle of the machining device. That is, 
the lens materia! has the machined surface to be 
bonded to the curved surface of the support body which 
corresponds to the machined surface. 

By the way. a concave lens surface arxj a convex 
lens surface are cut by different machining devices, 
respectively. The lens material must be re-attached to 
the rotary spindle of a different machining device to cut 
the other lens surface after one lens surface has been 
cut. The operation of bonding the lens material to the 
support body has been performed at the time of such 
lens material re-attaching operation in the conventional 
art. 

To kJond the lens material to the support txxly, one 
must align the lens material with the support body win 
high accuracy in order to prevent mtsalignment of the 
optica! axis of the inner surface of the lens with respect 
to that of the outer surface thereof. That is. it has been 
a must that the operation of aligning the lens material 
with the support body and bonding the former to the lat- 
ter be performed manually on a single lens basis in the 
conventional art. 

However, the manual operation of bonding the lens 
material to the support body is extremely cumbersome, 
less operable, and time-consuming. In addition, ft is 
likely that consistent alignment accuracy will not be 
ensured. 

The invention has been nnade in view of the afore- 
merttioned drcumstances. 

The object of the invention is therefore to provide an 
improved method and apparatus for fabricating ocular 
lenses, which allows the operation of bonding the lens 
material to the support body to be performed with high 
operability and consistent alignment accuracy. 

The object is solved by the ocular lens fabrication 
method of independent daim 1 and the ocular lens fab- 
rication apparatus of independent claim 6. 

Further advantages, features, aspects and details 
of the invention are evident from the dependent claims 
the description and the accompanying drawings. Tha 
claims are intended to be understood as a first non-lim- 
Itlng approach of oefining the invention in general terms. 



The present invention generally relates to a method 
and apparatus for fabricating various types of ocular 
lenses such as soft contact lenses, hard contact lenses 
and intraocular inrplants- The invention is directed par- 

s ticulariy to an in^rovement of an ocular lens fabrication 
method and apparatus characterized as laonding a pre- 
detemiined support body to a machined surface of a 
lens material arvl causing a machining device to sup- 
port the thus machined lens material through the sup- 
to port body at the time of machining the other surface of 
the lens matefial after one surface of the lens material 
has been machined. 

To achieve the above object, the invention is 
applied to an ocular lens fabrication method character- 

15 ized as follows. In overlapping a machined lens surface 
of a lens material upon a curved surface of a support 
body to t>e attached to a rotary spindle of a second 
mactvning device and bonding the machined lens sur- 
face of the lens material to the curved surface of the 

20 support body using a predetermined adhesive after one 
iens surfiace of ttie lens material has been machined 
with the lens material being supported by a rotary spin- 
die of a first machining device, the second machinir^g 
device cutting other lens surface of the lens material. 

25 the curved surface of the support body is overlapped 
upon the machined lens surface of the lens material 
through the predetermined actiesive with the lens mate- 
riai being SL«)ported by the rotary spindle of the first 
machining device; and the lens material is aligned with 

30 the support body by rotating the lens material and the 
support body relative to each other while rotating the 
rotary spindle off the first machining device with the sup- 
port body being allowed to nnove in dtrecfions orthogo- 
nal to a rotary shaft of the rotary spindle of the first 

35 machining device. 

In a first preferred mode of embodiment of tiie 
invention, the lens material is temporarily bonded to the 
si^jport body with the lens material being supported by 
the rotary spindle of the first machining de\rice; and the 

40 lens material is regularty bonded to the support body 
after having k>een removed from the rotary spindle of ttie 
first machining device. 

In a second preferred mode of embodiment of the 
invention, an uttraviolet CLring adhesive is used as the 

45 acftiesive: and ultraviolet rays are inradiated onto the 
lens material and the support body after the iens mate- 
rial has t>een aligned with the support body. 

The invention is also applied to an ocular lens fabri- 
cation apparatus inclucfing: a first machining device 

5C for cutting one lens suiface of a lens material with the 
lens materia? being supported by a rotary spindle: (b) a 
support body supply device for not only guiding a sup- 
port body toward the front of the lens material sup- 
ported by the rotary spindle of the first machining 

55 device, the support body being attached to a rotary 
spindle of a second machining device for cutting the 
other lens surface of the lens material, but also support- 
ing the support body with the support body being 
allowed to move in directions orthogonal to a rotary 
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shaft ot the rotary spindle of the first madiining device 
by overlapping the one machined lens surface off the 
lens material upon a cun/ed surface of the support 
body; (c) an adhesive supply device for supplying a 
ultraviolet curing adhesive between the one surface of 
the lens material and the cun^ed surface of the support 
body, the one lens surface and the curved surface hav- 
ing been overlapped one upon the other; and (d) a first 
ultravioiet irradiation device for guiding and Irradiating 
ultraviolet rays between the one lens surface of the lens 
material and the curved surface of the support body 
having been overlapped one upon ttie other through Ihe 
uhraviolet curing adhesive. 

In a first preferred mode off errtxxliment of the 
invention, the ultraviolet rays irradiated by the first litra- 
violet irradiation device are guided between the one sur- 
face of the ions material and the curved surface of the 
support body having been overlapped one upon the 
other by transmitting the support body. 

In a second preferred nrxxle of embodiment, a sec- 
ond ultraviolet Irradiation device is aranged. the second 
ultraviolet in-adiation device guiding and Irradiating ultra- 
violet rays onto a bonded surface of a bonded body 
along a transfer path of the bonded body toward the 
second machining device, the bonded body being 
formed of the lens material and the support body, the 
bonded body having been removed from the rotary 
spindle off the first machining device. 

In a third prefen-ed mode of embodiment, the rotary 
spindle of the first machining device is consliucled of a 
horizontally extending rotary center shaft; and the sup- 
port supply device has a support board being turned to 
a first support positon for supporting the cun/ed surface 
of the support body so as to face vertically upward and 
to a second support position for supporting the curved 
surface of the support body so as to face horizontally, 
the curved surface of the support body being guided to 
a ultraviolet curing adhesive dropping position by the 
adhesive supply device at the first support position of 
the support board, the support body being guided to 
such a position as lo allow the cun/ed surface of the 
support body to confront the one surface of the lens 
materia! supported by the rotary spindle of the first 
machining device at the second support position. 

According to the method of the invention, the lens 
material is rotated about the optical axis (cutting center 
shaft) based on the rotation of the rotary spindle of the 
machining device. Therafore. the cut surface of the lens 
material is rotated relative to the curved surface of the 
support body that is overlapped upon the cut surface to 
provide the automatic self-aligning function. As a result 
of this operation, the lens material can be aligned with 
the s wort body. 

Hence, according to the method of the invention, 
the operation of aligning the lens material with the sup- 
port body and the operation of bonding the former to the 
latter that have been performed manually in the conven- 
tional art can be performed automatically with the lens 
material being supported by the rotary spindle of the 



machining device. Therefore, not only operability can be 
iiTproved significantly, but also aligning accuracy can be 
stabilized. 

Further, the first prefen-ed mode of embodiment of 
5 the method of the invention can save time in which the 
lens material is left supported by the rotary spindle of 
the first machining device for temporarily tionding the 
lens materia! to the support body. Therefore, not only 
the lens material can be machined by the first machin- 
10 ing device, but also the operating cyde for the bonding 
of the lens nr^terial to the support body can be 
improved. It may be noted that the regular bonding of 
the lens material lo the support body Is desirably per- 
formed along the forward path toward the second 
75 machining device or at a stock area before the lens 
material is attached to the second machining device. As 
a result, impairment in the lens fabricating cycle due lo 
the regular bonding operation can be prevented. 

Still further, the second preferred mode of embodi- 
2C ment of the method of the invention attows the bonding 
of the lens material to the support body to be perforn^ 
quicWy after the alignment. The second preferred mode 
of embodiment provides in particular the advantage of 
facilrtating the borrling operation to be performed in two 
25 Slaps , temporary bonding and regular bonding. While a 
known ultraviolet curing adhesive may be used, an 
adhesive corrtaining photo-curing silicone oil and pte- 
toactivating agent and further containing photosensitiz- 
ing agent, if necessary, is suitably used, as disclosed, 
30 e.g.. in Unexamined Japanese Patent Publication No. 
Hei. 1-101319. The use of such an adhesive not only 
prevents negative effects from being exerted upon the 
lens material, but also ffeidlrtates the peeling of the lens 
material from the support body after the lens has been 
35 machined. 

Further, the ocular lens fabrication apparatus of the 
invention not only allows the method of the Invention to 
be applied thereto advantageously, but also allows the 
operation of aligning the lens material with the ajpport 
4C body and of bonding the former to the latter to be per- 
formed automatically with the lens material sipported 
Ijy the rotary spindle of the machining device. There- 
fore, ocular lens fabricating efficiency, and operating 
efficiency in both aligning the lens material with the sup- 
46 port body and bonding the former to the latter, in partic- 
ular, can be improved significantly. In addition, accuracy 
in aligning the tens material wfth the support body can 
be inproved and stabilized. 

Still further, the first preferred mode of embodiment 
5c of the apparatus of the invention allows ultraviolet rays 
to be guided advantageously and irradiated substan- 
tially consistentiy onto the bonded surface of the lens 
material and the support body Therefore, consistent 
bond strength can be obtained efficiently. 
££ Further, the second preferred mode of emtiodiment 
^ of the apparatus of the invention not only allows regular 
bonding of the lens material to the support body to be 
performed after the lens material has been removed 
from the first machining device, but also contributes to 
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saving time in which the lens material is left attached to 
the f ii^ machining device tor bonding the lens material 
to the support body. Therefore, the operating cyde 
including the machining, etc. of the lens material by the 
first machiNng device can be improved- That is, under 
the condition that the lens material is attached to the 
first machining device, whai is required is merely tempo- 
rary bonding m which such a bond strength as to pre- 
vem misalignment of the lens material with respea to 
the support body during the fonwaidlng of the bonded 
body to the second machining device is ensured. That 
is. such a bond strength as to bear the cutting operation 
to be performed by the second machining device is 
required to be ensured by ultraviolet in»dialion along 
the transfer path. Hence, time tor the temporary bonding 
operation that is performed with the lens material 
attached to the f Iret machining device can be saved. 

Further, the Ihird preferred mode of embodiment of 
the apparatus of the invention not only allows the adhe- 
sive to be supplied to the bonded surface with ease by 
dropping the ultraviolet curing adhesive onto the curved 
surface of the support body at the first support position, 
but also allows the support body to be guided advanta- 
geously to such a position as to aSlow the curved sur- 
face of the support body to confront the lens surface of 
the lens material supported by the rotary spindle of the 
first machining device by the turning of the second sup- 
port position. 

The invention will be better understood by refer- 
ence to the following descrption of embodiments of the 
invention taken in conjunction with the accompanying 
drawings, wherein: 

Rg. 1 is a schematic plan view showing the entire 

part of a contact lens cutting apparatus including a 

contact lens manufacturing apparatus, which is an 

embodiment of the invention; 

Fig. 2 "IS a schematic flow diagram of contact lens 

cutting processes performed by the contact lens 

cutting apparatus shown in Fig. 1 : 

Fig. 3 is a plan view schematically showing a con- 

struction of a pneumatic forward section in a first 

parts feeder constituting the contact lens cutting 

apparatus shown in Fig. 1 ; 

Fig. 4 is a sectional view taken along a line IV-IV of 
Fig.3: 

Fig. 5 is a front view schematically showing a con- 
struction of a loader/unloader constituting the con- 
tact lens cutting apparatus shown m Fig. 1 ; 
Fig. 6 is a plan view schematically showing a con- 
struction of a pneumatic forward section in a sec- 
ond parts feeder constituting the contact lens 
cutting apparatus shown in Fig. 1; 
Fig. 7 is a sectional view taken along a line VII-VH 
of Fig. 6: 

Rg, 8 is a front view schematically showing a con- 
struction of a support body supply device constitut- 
ing the contact lens cutting apparatus shown in Fig. 



Fig. 9 is a skle view schwiatically showing the sup- 
port body supply device shown in Fig. 8: 
Fig. 10 Is a diagram illustrating an operation of the 
support body supply device shown in Fig. 1; and 
= Rg, 11 is a diagram illustrating an operation of the 

support body supply device shown in Fig. I, such 
operation being different from the operation shown 
in Rg. 10. 

K Fig- 1 is a schematic plan view showing the entire 
part of a contact lens cutting apparatus. Fig. 2 is a sche- 
matic flow diagram of contact lens cutting processes 
performed by this cutting apparatifi. The contact lens 
cutting processes will be outJined with reference to Figs. 
15 1 and 2. Fiisl, In a lens material supply process SI a 
lens material is fed out by a first parts feeder 10 and 
supplied to a loader 16 of an inner si^face machining 
device U serving as a first machining device yna. a first 
air chute hose 12. Then, in a loading process S2 the 
2c lens material is chucked by the loader 16 while guided 
by a chuck of a rotary spindle 18 of the inner surface 
machining device 14. In an inner surface machining 
process S3 the lens material is machined by the inner 
surface macWning device 14 so that ttie inner surface 
25 (concave surface) of a lens is cut. 

The operation of cutting the inner surface of the 
lens is peifbnned using the inner surface machining 
device 14 in the following way As shown, e.g., in Fig. l. 
the inner surface machining device 14 has the rotary 
3c. spindle 18. a first cutter bench 20. and a second cutter 
bench 22. The rotary spindle 18 is driven Id reciprocate 
along the horizontally esrtending rotary center shaft fm 
directions of Z axis). The first cutter bench 20 is driven 
to reciprocate along the horizontally extending W axis 
35 and is driven to turn atxiut a vertically extending single 
axis in directions oi C. the vertically extending single 
axis being orthogonal to the W axis. The second cutter 
bench 22 is driven to reciprocate along a horizontally 
extending X axis orthogonal to the 2 axis and is driven 
*: to turn about a vertically extending B axis orthogonal to 
the X axis. Ttie first cutter bench 20 and the second cut- 
ter bench 22 are ananged at the chuck section so as to 
confront each oiher Uang the thus constructed inner 
surface rrachining device 14, tfie rotary spindle 18 is 
45 first caused to near the first cutter bench 20 in the Z axis 
direction, and the first cutter bench 20 is ttien turned 
about the W axis as well as about the single axis in the 
C directions, bo that the inner surface of the lens is cut 
while setting a proper radius of curvature. Upon end of 
sc the inner surface cutting operation, the natary spindle 18 
is moved away from the first cutter bench 20, and then 
the second cutter bench 22 is caused to near ttie rotary 
spindle 18 in ttie direction ortt^ogonal to the rotary spin- 
dle 1 8 to thereby turn the second cutter bench 22 about 
& the X axis as well as about ttie B axis. Under this condi- 
tion. DIA (ttie projected maximum outer diameter) 
machining operation and edging operation are per- 
formed. The operation of cutting the inner surface of ttie 
lens is perbrmed in this way. 
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After the operation of cutting the inner surface of 
the lens has been ended, a support bocJy. which is to be 
bonded to the lens material for protecting the lens sur- 
face as well as for causing an outer surface machining 
device to support the lens material, is led out of a sec- 
ond pads feeder 24. and is supplied to a support body 
supply device 26 via a second mr chute hose 25 in a 
support body suoply process S4. The support body 
supply device 26 is arranged rn front of the rotary spin- 
dle IB of the Inner surface machining device 14. Jn a UV 
(ultraviolet) curing adhesive dropping process S5 a 
ultraviolet curing adhesive is dropped onto a bonding 
surface of the support body. After the process S5. in an 
aligning process 56 the bonding surtace of the support 
body is caused to overlap upon the nr^achined surface 
(inner surface) of the lens material , and the support 
body end the Ien6 material are aligned with each other 
while being caused to rotate relative to each other by 
low speed rotatton cf the rotary sptndle 18 of tfie inner 
surface machining device 14 to which the lens material 
has been chucked. Then, in a UV rrradiation temporary 
bonding process S7 ultraviolet rays are irradiated onto 
the surface upon which the support body and the lens 
material, aligned with each other, overlap one upon the 
other by a first UV irradiation device 28. The support 
body and the lens material are temporarily bonded to 
each other with such a bond strength as not to cause 
misalignment Then, in an unloading process S8 the 
lens material tha: has been tenrporarily bonded to the 
support body is removed from the rotary spindle 16 of 
the inner surface machining device 14 by an unloader 
30. discharged from the inner surface machining device 
14 t)y a third air chute hose 32, and sent to a transfer 
conveyor 34 to be forwarded to ttie outer surface 
machining device serving as a second machining 
device. Uitravlol« rays are further irradiated onto the 
bonded surface of the support body and the lens mate- 
rial that have been temporarily bonded to each other by 
a second UV irradiation device 36 in a UV irradiation 
regular bonding process S9 after ttie lens material dis- 
charged from the inner surface machining device ^ 4 has 
been transferred by the third air chute hose 32 and 
before the lens material is carried on the transfer oon-' 
veyor 34. As a r^uf: of this regular irradiation, the lens 
material is bonded to the support body with such a bond 
strength as to bear the external force to be applied 
thereto during the outer surface machining operation 
performed by the outer surface machining d^ice. 

In this embodiment the outer surface machining 
device includes an outer surface roughing device 38 
and an outer surface finishing device 40. In an outer sur- 
face roughing process S10. the outer surface (convex 
surface) of the lens rr.aterial is spherically roughened by 
the outer surfacs roughing device 38. and then in an 
outer surface finishing process Sn . the thus roughened 
outer surface of the lens material is finished by the outer 
surface f inishing device 40. The outer surface of the 
tens is thus cui through these processes. The outer sur» 
face roughing device 38 and the outer surface finishing 
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device 40 used may be known devices. For examine, as 
shown in Fig. 1 . the outer surface roughing device 38 
has a rotary spindle 42 and a cutter bench 44 arranged 
so as to confront each other at the chuck section of the 

s rotary spindle 42. The rotary spindle 42 is driven to 
reciprocate along the horizontally extending rotary 
center shaft (in directions of 2 axis). The cutter bench 
44 is driven to redprocate along the horizonially extend- 
ing X axis orthogonal to the Z axis. T^vs outer surface 

10 roughing device 38 sphericaBy roughens the outer sur- 
face of the lens material by moving the cutting point so 
as to interpolate biaxially in the diametrical direction 
through the movement of the rotary spindle 42 in the Z 
axis directions and of the cutter bench 44 in the X axis 

IS directions. Further, for example, the outer suriace finish- 
ing device 40 has a rotary spindle 46 arxj a cutter bench 
48 arranged so as to confront each other at the chuck 
section of the rotary spindle 46. The rotary spindle 46 is 
driven to redprocate along the horizontally extending 

go rotary center shaft (in directions of Z axis). The cutter 
bench 48 is driven to reciprocate along the horizontally 
extending W axis and is driven to turn about a single 
vertically extending axis in directions of C. the single 
vertically extending axis being orthogonal to the W axis. 

25 The thus constructed outer surface finishing device 40 
cuts the outer surface of the lens material wfth a proper 
radius of curvature through the movement of the rotary 
spindle 46 in the Z axis directions and the turn of the 
cutter bench 48 about the W axis as wed as about the 

30 Single axis thereof in the C dreckions. 

The lens material whose inner and outer surfaces 
have been thus machined is taken out of the outer sur- 
face finishing device 40 while bonded to the support 
body and then cfischarged by a discharge conveyor 50 

ss in a discharge process S12. As a result, the lens mate- 
rial cutting operation is temrtinated. Further, the dis- 
charged lens material is generally sut)jected to an 
inspection for checking the radius of curvature of the 
outer surface and a lika in^>ection while bonded to the 

40 support t>Ddy. 

An appropriate fbnivard device is employed for each 
of the lens material forward operations with the support 
body bonded to the tens material, the forward opera- 
tions induding one from the transfer conveyor 34 to the 

45 outer surface roughing device 38 and one from the outer 
surface finisHng device 40 to the discharge conveyor 
50. For example, an automatic forward device including 
a slide pat. an unloader. and a loader may be employed. 
The slide pat reciprocates aiong various transfer paths. 

so The unloader receives the lens material from the trans- 
fer conveyor 34 or from the rotary spindle 4$ of the outer 
surface roughing device 38 and the like and hands the 
lens material over to the slide pat The loader receives 
the lens material from the slide pat and chudcs the lens 
55 material to the rotary ^rndle 42 of the outer surface 
roughing device 38 and the like or supplies the lens 
material to the discharge conveyor 50. 
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Main parts of the aforementioned contact lens cut- 
ting processes will be desaibed with reference to the 
detailed drawings of the devicea 

First Figs. 3 and 4 are a plan view and a sectional 
view showing a pneumatic forward section 52 in the first 
parts feeder 10 that supplies the lens material to the 
loader 1 6 of the inner surface machining device 14 in 
the lens material supply process S 1 . The pneumatic for- 
ward section 52 is supported by a tatsie 54 so as to be 
movable in horizontal directions, and has a movable 
base 56 that is caused to reciprocate only by a predeter- 
mined distance by a not shown drive means. An air cyl- 
inder 58 is fixed on ttie movabld base 56. The air 
cylinder 58 drives an air tube 60 to redprocale hn hori- 
zontal directions fm axial directions of the tube) orthog- 
onal to the mo/able t>ase 56 moving direction. The air 
tube 60 is connected to a not shown pneumatic source. 

In a first moving end of the movable base 56 (the 
upper moving end shown by the phantom line in Fig. 3), 
not only a lens material 66 is guided from above by a 
guide rail 64 toward an opening of the air tube 60 from a 
lens material accommodating section 62 (see Fig. 1). 
but also the thus guided lens material 66 is adsorbed to 
and held by the opening of the air tube 60 so as to be 
sucked by air pressure. Further, in the front of the open- 
ing of the air tut^ 60. an angled positioning member 68 
having a notch for receiving and positioning the lens 
material 66 is arranged. Still further, the first air chute 
hose 12 is ananged on the side of the positioning mem- 
ber 68 so as to define the opening position thereof. The 
opening of the air tube 60 is positioned to confront the 
opening of the first air chute hose 12 when the movable 
base 56 is positioned in a second moving end (the mov- 
ing end on the side shown by the solid fine in Rg. 3). 

Thus, not only the movable base 56 is caused to 
move to the second moving end after the lens material 
66 has been adsorbed to and held by the opening of the 
air tut)e 60 ir^ the first moving end of the movatjie base 
56, but also the air tube 60 is driven to project by the air 
cylinder 58 to cause the opening of the air tube 60 to 
face the opening of the first air chute nose 12- Under 
this condition, compressed air is jetted out via the air 
tube 60. so that the lens material 66 is sent into the first 
air chute hose 12 to be fonwarded therethrough. 

Then, Fig. 5 shows the loader (16). which not only 
receives the lens material 66 forwarded via the first air 
chute hose 12 by the aforementioned pneumalic for- 
ward section 52. but also chucks the lens material 66 to 
the rotary spindle 18 of the inner surface machining 
device 14 in the loading process S2. In this ennbodiment 
the unloader 30, which removes the lens material 66 
vwth the support body bonded thereto from the rotary 
spindle 18 of the inner surface nr^chining device 14 and 
guides the unchucked lens material 66 to the third air 
chute hose 32 in the unloading process SB after the cut- 
ting operation has been perfomied by ttve inner surface 
machining cevbe 14. is formed integrally with the loader 
16. Therefore, the unloader 30 will be descrfoed 
together with the loader 15 as a loader/unloader 70. 



The loaderAjnloader 70 is located above a space 
between the confronting surface of the rotary spindle 1 8 
of the inner surface machining device 14 and that of the 
first cutter bench 20 thereof, and has a first drive cylin- 

5 der 72 and a second drive cylinder 74. each having a 
vertically extending piston rod. The piston rod 76 of the 
first drive cylinder 72 is secured to a taWe 78. and the 
second drive cylinder 74 is secured to the first drive cyl- 
inder 72. When the first drive cylinder 72 is driven to 

,0 move vertically, the second drive cylinder 74 moves ver- 
tically together with the first drive cylinder. Further, a 
loading air cylinder 82 and an unloading air cylinder 84 
are secured to the lower end portion of the piston rod 80 
of the second drive cylinder 74. The loading air cylinder 

IS 82 and the unloading air cylinder 84 drive a loading air 
tube 86 and an unloading air tube 88 to redprocate 
along the length of the tubes lhat run in parallel with the 
rotary spindle 18 of the inner surface machining dei/ice 
14. the air tubes 86. 88 being connected to not shown 

20 pneumatic sources, respectively. 

When the loading and unloading air cylinders 82. 
84 are positioned in the tpper moving end by the first 
and second drive cylinders 72. 74. not only the opening 
of the toading air tube 86 is positioned so as to confront 

25 the opening of the first air chute hose 12. but also tfie 
opening of the unloading air lube 88 is positioned so as 
to confront the opening of the third air chute hose 32. 
Further, by moving the second drive cylinder 74 verti- 
cally \jy the first drive cylinder 72 with the piston rod 80 

30 of the second drive cylinder 74 projected downward, 
either one of the openings of the loading air tube 86 and 
the unloadng air tube 88 is positioned so as to confront 
the rotary spindle 18 of the inner surface machining 
device 14. 

s$ As a result, the loading air tube 86 not only ad&ortjs 
and holds the lens nrraterial 66 forwarded via the first air 
chute hose 12. but also guides the lens material 66 to 
the chuck section of the rotary spindle 18 of the inner 
surface machining device 14 to be chucked. On the 

40 other hand, the unloading air tube 88 not only adsoitjs 
and holds the lens material 66 with the support body 
txmded tfiereto by the inner surface machining opera- 
tion performed t>y tfie inner surface machining device 14 
by removing the lens material 66 from the chuck section 

45 o1 the rotary spindle 18 of the inner surface machinrng 
des/ice 14. but also guides the lens material 66 with the 
support body bonded thereto to the opening of the tiiird 
air chute hose 32 bo that the lens material 66 can be 
transported through the third air chute hose 32 by air 

so pressure. 

Further. Figs. 6 and 7 are a plan view and a sec- 
tional view showing a pneumatic forward section 92 in 
the second parts feeder 24 that supplies a support body 
90 to be tx)rKled to the machined inner surface o* the 

5S lens material 66 to the loader/unloader 70 sen/ing as 
the unloader 30 of tfie inner surface machining device 
14 in the support body supply process S4. The pneu- 
n-atic forward section 92 is supported by a table 94 so 
as to be movable in horizontal directions and has a mov- 
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able base 96 that is caused to reciprocate only by a pre- 
determined distance by a not shown drive means. An air 
cylinber 98 Is secured to the movable t>ase 96, and 
drives an air tube 100 to reciprocate in horizorrtal direc- 
tions (in axial directions of the tube) orthogonal to the 5 
movable base 96 moving direction, the air ti*>8 100 
being connsctsd to a not shown pneumatic source. 

The support body SO is designed to be adsorbed to 
and held by the opening of the air tube 100 through a 
forward helping tool 1 0 1 . The support body 90 includes: ic 
the bondtng seaion having a curved surface corre- 
sponding to the machined surface (inner surface) of the 
lens matenat 66: and a support section that is sup- 
ported by the rotary spindles 42, 46 of the outer surface 
roughing device 38 and the outer surface finishing t5 
device 40. ror example, an adoptable support txxly 90 
has a truncated conical tJonding surface whose front 
surface is spherically convex and a flangeliice support 
section thai is projected from the base of the bonding 
section outward in perpendicular directions with respect 20 
to the axis of the support body 90. It may be noted that 
the support body 90 made of a material exha>iting excel- 
lent transmissivity for ultraviolet light such as acrylic 
resin is preferably used. Further, the forward helping 
tool 101 is designed to be assembled to the support 25 
body 90. For example, an adoptable forward helping 
tool 101 is bottomed, substantially cylindrical and has a 
plurality of slits on a circumferential wall section, the slits 
ajcially extending from the opening thereof so tfiat the 
circumferential wall section can be deformed to expand, so 
As a result- of this construction, such forward helping 
tool 101 allows the bonding section of the support body 
90 to be inserted from the opening thereof and firmly 
fixed to the circumferential wall section thereof. 

Further, in the first moving end of the movable base 35 
96 (the upper movirrg end shown by the phantom line in 
Fig. 6). a support body receiving container 104 is 
secured in the front of the opening of the air tube 100. 
The support body receiving comainer 104 not only 
receives the support body 90 that is guided from the 4C 
support txxly containing section 102 (see Fig. 1) by a 
guide rail 105. but also supports the support body 90 so 
that the support body 90 can confront the opening of the 
air lube 1 00. The support body receiving container 1 04 
has a face plate 109 that is rotated around a support 45 
shaft 108 by a rotary actuator 106. and holds the sup- 
port body 90 guided from above in front of the face plate 
109. Through the rotation of the face plate 109 around 
the support shaft 108. the thus held support body 90 is 
guided to the opening of tfie air tube 100. Further, the so 
second air chute hose 25 is arranged on the side of the 
support body receiving container 104 so that the open- 
ing position thereo< is defined. When the movable base 
96 is positioned in the seoond moving end (the moving 
end shown by the solid line in Fig. 6). the opening of the 55 
air tube 1 00 is positioned so as to confront the opening 
of the second air chute hose 25. 

Then, the air tube 100 is driven to project by the air 
cylinder 98 at the first moving end of the movable base 
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96 to thereby insert the support tx)dy 90 si^jorted by 
the support tjody receiving container 104 into the for- 
ward helping tool 101 adsort>€d to and held by the 
opening of the air tttie 1 00 and to thereby allow the si^ 
port body to be held together with the forward helping 
tool 101. The movable base 96 is thereafter moved to 
the second moving end . and the air tube 1 00 is driven to 
project by the air cylinder 98 to thereby aUow the open- 
ing of the air tube 100 to face the opening of the second 
air chute hose 25. Then, compressed air Is jetted out via 
the air tube 100. As a result of these operations, the tor- 
ward helping tool 101 having the lens material 66 
inserted thereinto can be fed into the second air Chute 
hose 25 and forwarded therethrough. 

Further, Figs. 8 to 10 show the support body siw)ly 
device 26. The support body supply device 26 receives 
the support body 90 forwarded via the second air chute 
hose 25 by the aforementioned pneumatic fonward sec- 
tion 92. and overlaps the cun^ed suitace o/f the support 
body 90 upon the machined surface of the lens material 
66 chucked by the rotary spindle 18 of the inner surface 
machining device 14 and bonds the thus overlapped 
surfaces together after the ultraviolet curing adhesive 
has been dropped onto the curved surface of the sup- 
port body 90 In the UV adhesive dropping process S6 
arKi in the aligning process S6. 

The support body supply device 26 has a table 110. 
The table 1 10 is driven to reciprocate by a not shown 
drive mechanism in the space between the confronting 
surfaces of the rotary spindle 18 and the first cutler 
bench 20 of the Inner surface machining device 14. The 
table 1 10 reciprocates in horizontal directions orttiogo- 
nal to the confronting direction. A support board 114 is 
fbced. through a rotary plate 113, toa rotary shaft 1 15 of 
a drive motor 112 supported by the table 110. Thissi4>- 
port boand 114 is designed to be reverstbly rotated 
about the rotary shaft 1 1 5 by sut>stantially 90^ within a 
positioning range defined t>y stopper pins 1 17. 1 17, the 
rotary shaft extending in parallel with the table nO mov- 
ing directions. Further, this support board 114 has a 
recess 116. The recess 116 is opened vertically upward 
by the drive motor 112 at one of the rotating ends 
defined as a first support positton (see Figs. 8, 9, 11). 
whereas the recess 1 16 is opened horizontally at the 
other rotating end defined as a second support position. 

By causing the recess 1 1 6 of the support board 1 14 
to C3pen upward at the table 1 10 withdrawing position as 
shown in Fig. 8, the oper^ng of the recess 116 is pessi- 
tioned below the opening of the second air chute hose 
25, so that the recess 1 16 rec^ves the support body 90 
lorwanded by the second air chute hose 25 to thereby 
cause the cun/ed surface of the support body to be sup- 
ported vertically upward. It may be noted that an 
inwardly extending flange portion is ananged at the end 
of the opening of the second air chute hose 25. The 
flange portion has an inner diameter smaller than the 
outer diameter of the fonivard helping tool 101 and 
larger than the outer diameter of the support body 90. 
As a result, the flange portion retains the tonward hetp- 
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ing tool 101 . which in turn allows the support body 90 to 
be moved awa/ from the forward helping toot 101 and 
guided to the recess 1 16 of the support boanj 1 14 as a 
single body. 

A UV adhesive dropping device 1 18 is ananged on s 
the side of the second air chute hose 25. The UV adhe- 
sive dropping device 1 18 is above the recess 1 16 of the 
support board 1 14 at a position to which the table 1 1 0 
has advanced. The UV adhesive dropping device 118 
drops an appropriate amount of the UV curing adhesive io 
onto the curved surface of the support body 90 held 
within the recess 116 of the support board 114. It may 
be noted that a piston rod 124 of a pin cylinder 122 
secured to the taWe 1 1 0 is designed to be projected Into 
the recess 1 16 of the support board 1 14 that is opened is 
upward as shown in Fig. 9- That is, the support body 90 
is correctly guided and set in the adhesive dropping 
position, at which adhesive dropping operation is per- 
formed by the UV adhesive dropping device 118, by the 
piston rod 124 of the pin cylinder 122 biasing the sup- so 
port body 90 guided and held by the recess 1 16 from 
the second air chute hose 25. Further, although not 
shown in the drawings, a pneumatksany adsorbing 
means or the like is arranged in the support board 114, 
If necessary, in oider to hold Ihe support body 90 in a as 
position defined by the pin cyfinder 122. 

By setting the support boaid 114 using Ihe drive 
motor 1 1 2 to the second rotating end from the adhesive 
drcjpping position at which adhesive dropping operation 
is performed by the UV adhesive dropping device 118. 30 
the support body 90 is slid downward within the recess 
1 16 of the support board 1 14 as shown in Rg. 10. As a 
result, the support body 90 is guided on a airfiace verti- 
cal to a holding plate 126 secured to the table 1 10. ft 
may be noted that the support board 1 14 has a stopper 35 
128 that positions on the holding plate 126 the support 
body 90 that has been did downward within the recess 
1 16. The holding ptate 126 has a pneumatically adsorb- 
ing means that holds the support body 90 at a predeter- 
mined position on the vertical surface. ^ 

After the support body 90 has been held on the ver- 
tical surface of the holding plate 1 26 in this way, the sup- 
port txiard 1 14 is driven reversely by the drive motor 
1 12 to thereby be removed from the holding plate 126. 
The rotary spindle IB of the inner surface machining 45 
device 14 with the lens material 66 chucked thereto is 
caused to advance thereafter, so that the machined sur- 
lace of the lens material 66 is caused to overlap upon 
the curved etrface of the support body 90 held by the 
holding plate 1 26. Under such condition, the force of the so 
holding plate 126 for adsorbing the support body 90 is 
either eliminated or reduced to thereby allow the sup- 
port body 90 to move on the vertical surbce of the hold- 
ing plate 126- Then, the rotary spindle 18 of the inner 
surface machining device 14 is driven at a low speed to ss 
cause the lens material 66 and the support body 90 to 
rotate relative to each other. As a result, the tens mate- 
rial 66 and the support body 90 are automatically 
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aligned witn each other by the concave surface and the 
curved surface that overlap one upon the other. 

Furthff, the holding plate 126 has an optical fiber 
130 passing therethrough. This optical fiber 130 guides 
light from ^e first UV irradiation device 28 (see Fig. 1) 
to the piace where the support ixxSy 90 is adsorbed to 
and hekJ by the vertical surface of the holding plate 126. 
When the Ught is irradiated from the back (on the side of 
the base) of the support body 90. the light is irradiated 
onto the oonded surface of the support body 90 and ttie 
lens metenal 66 by transmitting the support body 90. 
That is. the adhesive dropped onto the curved surface 
of the support body 90 Is cured by this ultraviolet irradi- 
ation through Ihe optical f toer 1 30. which allows the sup* 
port booy 90 and the lens material 66 to be bonded 
togethe- temporarily 

The lens material 66 to which the support body 90 
has been bonded temporarily in this way is moved aw^ 
from the holding plate 126 together with the support 
body 9G by the rotary spindle 18 of the inner surface 
machrnrig device 14 being caused to withdraw from the 
holding piate 1 26 after the temporary borvSing operation 
has been performed. Then, as described above, the 
lens material 66 is removed from the inner surface 
machinrg device 14 by the loader/unioader 70 shown 
in Fig. 5 ar>d fbnwatded to the transfer conveyor 34 via 
the third air dhute hose 32. 

Accenting to the cutting method and cutting devices 
descrit>ed in detail, the operation of aligning the lens 
materia 66 with the support body 90 and the operation 
of borKSng tiie lens material 66 to the support body 90 
that have been performed manually in the oonverrtbnal 
art can DC performed automatically with the lens mate- 
rial 66 supported by the rotary spindle 18 of the inner 
surface machining device 1 4. Therefore, operating effi- 
ciency can be improved significantly, which in turn 
aUows consistent aligning accuracy to be obtained. 

Since the ultraviolet curing adhesive is used as an 
adhesive for bondirig the lens materia! 66 to the support 
body 9C in this embodiment, the adhesive can be cured 
by inaSaiing ultraviolet rays whenever necessary. This 
means thai even in the case where it takes nnich time in 
aligning the lens material 66 with the support body 90 or 
in a Tike case, not only consistent txjnd strength can be 
obtained, but also temporary txinding and regular bond- 
ing car be effected separately 

In Ihcs embodiment the operation of temporarily 
bonding the lens material 66 to the support body 90 is 
performed separately from the operation of regularly 
bondinc til© lens materia! 66 to the support body 90, 
and it is after tiie lens material 66 has been taken out of 
the inner surface machining device 1 4 tiiat the operation 
of regularly bonding the lens material 66 to the support 
body 90 is performed in order to obtain the desired bond 
strength. Tnerefore. time in which the lens material 66 is 
left suppcned by the rotary spindle 18 of the inner sur- 
face macnining device 14 for bonding can be curtailed, 
which in Turn advantageously contributes to inpnaving 
the macnining cycle. 
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The embodiment of the Invention has been 
described in detail. This embodiment 1$ merely an 
example of the invention to the letter. The invantion is 
not construed as being limited only to such embodi- 
ment. 5 

WNIe the ultraviolet light is irradiated onto the 
bonding surface by transmitting the support body 90 in 
the aforementioned embodiment, ultraviolet light nrjay, 
e.g., be irradiated from ade«vays or the liKe without 
being caused to transmit the support body 90. 

Further, the bonding of the lens material 66 to the 
Support body 90 may be completed with the lens mate- 
rial 66 attached to the rotary spindle 1 6 of the inner sur- 
face machining device 14. 

Still further, while the case where the cutting of the 
concave surface of the lens precedes the cutting ol the 
convex surface of the lens has been described in the 
aforementioned embodiment, the invention is also appli- 
cable to a case where the cutting ol the convex surface 
of the lens precedes the cutting of the concave surface sc 
of the lens on the contrary 

Further, in the case where a prism-ballasied lens, a 
toric lens, or the like is cut the invention is applicable to 
the cutting of such lens by, e.g.. overlapping the 
machined surface of such tens upon the curved surfiace 25 
of the support body while inclining the centerline of rota- 
tion of the support body rotated by the second machin- 
ing device by a predetermined angle with respect to the 
centerline of rotation of the rotary spindle of the first 
machining tJevice with the lens material attached 3C 
thereto. 

FurtheT.-while the first UV inadiating device and the 
second UV irradiating device are independent of each 
other in the aforementioned embodiment the first UV 
irradiating device may of course be used also as the 
second UV irradiating device. 

Further, the invention is applicatsle not only to the 
fabrication of hard contact lenses and soft contact 
lenses, but also to the fabhcaiipn of other types of ocu- 
lar lenses including intraocular implants. 

The invention can be embodied in nxxles with vari- 
ous alterations, modifications, and improvements added 
thereto based on the knowledge of those skilled in the 
art although not enumerated in this Specification. It 
goes without saying that any of such modes of enrtoodi- 4£ 
ment are covered by the scope of the invention as long 
as such modes of embodiment do not depart from the 
esserrtial part of the invention. 

Claims ^ 

1 . An ocular lens fabrication method comprising the 
steps of: 

overlapping a machined lens surface of a lens ss 
material upon a curved surface of a support 
body and bonding the machined lens surface of 
the lens material to the curved surface of the 
support body using a predetermined adhesive 
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after one lens surface of the lens material hjis 
been machined, with the lens material being 
supported t>y a rotary spirKlle of a first machin- 
ing device, and aligning the lens material with 
the support body by rotating the lens material 
and the support body relative to each other 
while rotating the rotary spirKlle of the first 
machining device with the sicport body being 
allowed to move in directions orthogonal to a 
rotary ^alt of the rotary spindle of the first 
machining device. 

2. The ocular lens fabrication method according to 
daim 1. wherein the support body is to be attached 
to a rotary spindle of a secorxJ machining device, 
whereby the second machining device is cutting the 
other ierts surface of the lens material. 

3« The ocular lens fabrication method according to 
daim 1 or 2 further comprising the step of overlap- 
ping the curved surface of the sijpport body upon 
the machined lens surface of the lens materiat 
through the predetermined adhesive with the lens 
material being supported by the rotary spindle of 
the first machining device. 

4. The ocular lens fabrication mettiod according to 
one oi claims 1 to 3. wherein the lens material is 
temporarily bonded to the support body with the 
lens material being supported by the rotary spindle 
off Ihe first machining device; and/or the lens mate- 
rial is regularly bonded to the support body after 
having been removed from the rotary spindle of the 
first machining dance. 

5. The ocular lens fabncation method according to 
one of daims 1 to 4. wherein an ultraviolet curing 
adhesive is used as the adhesive; and uttraviolet 
rays are irradiated onto the lens material and the 
support body after the lens material has been 
aligned with the support body. 

6. An ocidar lens fabrication apparatus connprising: 

a first rrtachining device for cutting one lens 
surface of a lens material (66) with the lens 
material (66) being supported by a rotary spin- 
dle (18); 

a support body supply device for not only guid- 
ing a support body (90) toward the front of the 
lens material (66) but also supporting the sup- 
port body (90) with the support body (90) bang 
allowed to move in directions orthogonal to a 
rotary shaft of the rotary spindle (1 B) of the first 
machining device Jay overlapping the one 
machined lens surface of the lens material (66) 
upon a curved surface of the support body 
(90): and 
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an adhesive supply device for supplyins an 
adhesive between the one sudace of the lens 
materia? and the curved surface of the support 
body, the one lens surface and the curved sur- 
face having been overlapped one tpon the 5 
other. 

7. The ocular lens fabrication apparatus of daim 6. 
wherein the suppon body (90) being attached to a 
rotary spindle of a second machining device for cut- 10 
ting the other lens surlace of the lens material (66). 

8. The ocular lens fabrication apparatus of dtf m 6 or 
7. wherein the adtiesive is an ultraviolet curing 

adhesive. 

9. The ocular lens fabrication apparatus of daim 8, 
further comprising; 

a first ultraviolet irradiation device (28) for guid- so 
ing and irradiating ultraviolet rays between the 
one lens surface of the lens material (66) and 
the curved surrace of the suppoH body (90) 
having been overlapped one upon the other 
through the ultraviolel curing adhesive. 25 

10. The ocular lens fabrication apparatus according to 
claim 9. wherein the ultraviolet rays irradiated by Ihe 
first ultraviolet irradiation device (28) are guided 
t>etween the one surface of the lens material (65) so 
and the curved surface of the support body (90) 
having been overlapped one upon the other by 
transmitting the support body (90). 

11. The ocular lens fabrication apparatus according to 3S 
one of claims 8 to 10. wherein a second ultraviolet 
inBdiation device (36) is arranged, the second ultra- 
violet irradiation device (36) guiding and inradiating 
ufiraviolet rays onto a bonded surface of a bonded 
body along a transfer path of the bonded body 40 
toward the second nrachining device, the bonded 
body being formed of the lens material (66) and the 
support txxly (90). the bonded body having been 
removed from the rotary spindle (18) of the first 
machining device. ^ 

12. An ocular lens fabrication apparatus according to 
any one of daims 8 to 1 1 . wherein 

the rotary spindle ^^B) of the first machining so 
device is constructed of a horizontally extend- 
ing rotary center shaft; and/or 

the support supply device has a support t>oard 
being turnec to a first support position for sup- 55 
porting the curved surface of the support body 
(90) so as t? face vertically upward and to a 
second support position lor supporting the 
curved surface of the support body (90) so as 
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to face horizontaly, the curved surface of the 
support body (90) being guided to an ultravidet 
curing adhesive dropping position by the adhe- 
sive supply dwice at the first support position 
of the support board, the support body (90) 
being guided to such a position as to allow the 
Cloved surface of the sipport body (90) to con- 
front the one surftice of the lens material (66) 
supported by the rotary Sf^ndle (18) of the firat 
machining device at the second support posi- 
tion. 
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